Abstract. The trial was carried out in the Bersano estate (Nizza Monferrato, Piemonte, Italy) in different vineyards (Generala, Cremosina and Monteolivo) devoted to the production of DOCG Nizza, the newest and highly reputed Barbera denomination. For Bersano, this research provided access to scientific information and tools to valorise its Nizza wines and to characterize and select some sub-zones. The study investigated the effect of natural terroir attributes on vine behaviour and grape composition of cv. Barbera. Conducted in 2017, the tests included phenological phases, vegetative growth, chlorophyll and gas exchange measures. Maturation curves were also developed to better understand the time course of berry ripening, from fruit-set to harvest and statistical relationships were studied. The vineyards presented different climatic and soil conditions which influenced bud burst, shoot growth and plant photosynthesis; concerning soil properties, texture was the main differentiating factor. During the growing season, the berries followed the normal growth pattern, but an extreme drop occurred at harvest due to high diurnal temperatures. Ripening curves showed dissimilarities between the three studied vineyards, i.e. TSS, berry mass, total anthocyanins and total phenols. La Generala presented the best viticulture features regarding the vine performance and grape composition.
Introduction
A terroir can be defined as an agro-ecosystem whose natural attributes -soil, subsoil, relief and climateconstitute a unique set of factors that, through plants and animals, give the food product specific characteristics [1] . According to the current and official definition of the OIV, a viticulture terroir is: ''A concept which refers to an area in which collective knowledge of the interactions between the identifiable physical and biological environment and applied vitivinicultural practices develops, providing distinctive characteristics for the products originating from this area. "Terroir" includes specific soil, topography, climate, landscape characteristics and biodiversity features'' [2] . It can be said that the structural character and potential wine quality is derived from the environment features of the planting site and the wine's personality from the vintage conditions, whilst the final balance and style are shaped by the viticulturist. When these three influences meet in perfect harmony, a great and unique wine will result [3] .
Within this perspective, the "zoning" technique initiated, allowing the division of a territory in function of comparable and divergent features of environmental (and human) characteristics and checking the qualitative result of different species and varieties [4] . Viticultural zoning can be defined as the spatial characterization of zones or units that produce grapes or wines of similar performance and composition, while enabling operational decisions to be implemented more effectively [5] . The aims of viticultural zoning are related to the delimitation of protected viticultural areas, which serve to give added value to wines according to their origin and typicality, or the delimitation of homogeneous areas for vineyard management, which can be used to optimize the grape quality [6] . With strong national and international competition, as well as challenging conditions such as a changing climate, studies to determine suitability for the cultivation of grapevines and wine management are becoming more and more widespread [7] .
In this context, the trial was carried out in the Bersano estate (Nizza Monferrato, Piemonte, Italy) devoted to the production of Nizza DOCG, the newest and highly reputed Barbera denomination. For Bersano, this research provide access to scientific information and tools to valorise its Nizza wines and to characterize and select some sub-zones. The study investigated the 
Material and Methods

Natural environmental features
The research project considered three vineyard areas, which are namely La Generala, Cremosina and Monteolivo, located in the heart of the Barbera production area (Monferrato, Asti province, Piedmont region), where Bersano winery owns 10 ha devoted to the production of DOCG Nizza wines. The climatic conditions of the three studied areas were characterized by two automatic meteorological stations, one placed near Agliano Terme (covering La Generala area) and the other in Nizza Monferrato (covering La Cremosina and Monteolivo areas). Bioclimatic indices such as the Huglin index and Winkler index were calculated for the growing season of 2017.
The physical and chemical soil properties of the three estates were also determined. The training system for the three areas was simple Guyot with a fruit cane of 7 or 8 buds with a renewal spur (two buds) from the other side to get an average yield of 9 tons per hectare. The following plant material was utilized:
 La Generala: Barbera standard vines, grafted on Rupestris du Lot.  Cremosina: Barbera clone AT84 grafted on 420 A.  Monteolivo: Barbera clone AT84 grafted on SO4
Vine phenology and growth
The control of phenological phases was done according to the modified Eichhorn and Lorenz system [8] . The control of phenological stages begun in April and ended with harvest. Starting mid-May, shoot length was measured weekly on two shoots per vine (20 shoots per vineyard) until shoot trimming. When inflorescences were clearly visible (stage 15), the total number of buds and inflorescences per plant were counted and bud fertility determined [9] .
Gas exchange readings were performed on 15 vines per vineyard, by checking one leaf/shoot inserted at nodes 7-10. Leaves were sampled on 30 June (fruit set) and 08 August 2017 (veraison). Readings were taken with a ADC BioScientific LCi Analyser Serial No. 31581 within the 10h to 13h time windows. Two field measurements of greenness index were made with the Soil-Plant Analysis Development SPAD-502 chlorophyll meter throughout the season. The measurements were made on 30 June (fruit set) and 08 August 2017 (veraison) on 1 leave per vine (15 vines per plot), located two nodes above the second cluster on a middle vigorous shoot.
Berry growth and ripening
In order to calculate berry growth (on a weight basis) according to Gray and Coombe [10] a 20-berry sample for each plant tagged (ten per vineyard) was collected, at 10-day intervals beginning from fruit set.
Ripening curves of berry mass, must TSS (Total Soluble Solids), TA (Titratable Acidity) and anthocyanins and phenolics concentrations were calculated in each vineyard [8] at 10-day intervals beginning from veraison, by analyzing a 300-berry sample from each vineyard.
At harvest, (04/09 in Monteolivo, 08/09 in Cremosina and 12/09 in La Generala), yield and cluster number per vine were recorded, mean cluster mass was then calculated. A two basal-cluster sample was collected from each tagged vine. A first 50-berry sample was used for determining total anthocyanins and phenolics concentrations (mg/g) according to the method reported [9] . A second 20-berry sample was used for identification and quantification of phenolic compounds in grape [10] . The remaining amount of each two-cluster sample was used for individual berry mass assessment and, upon crushing, must was processed for total soluble solids concentration (°Brix), pH and titratable acidity (g/L) with standard methods.
Results and Discussion
Influence of climate and soil on vine phenology and growth
The year 2017 is considered one of the warmest and driest, with a Winkler index of 1988°C (Generala) and 1835°C (Cremosina and Monteolivo) and a seasonal rainfall of 359.2 mm (Generala) and 330.6 mm (Cremosina and Monteolivo), resulting in a phenological earliness of 10 to 20 days. According to the recorded data, Generala vineyards are warmer and wetter than Cremosina and Monteolivo (Figures 1, 2) . Except for bud burst, phenological stages occurred at the same time. According to Lee [11] , higher temperatures in the latter part of winter anticipate the time of budburst. In March, Generala had a higher average temperature than the other vineyards, resulting in an earlier bud burst in Generala as compared to Cremosina and Monteolivo. 
In the three vineyards, the rapid shoot elongation almost stopped at the end of April (132 DOY) ( Figure  3 ), due to unexpected low temperatures (-3 °C in Cremosina and Monteolivo, and 0.2 °C in Generala), as shoot elongation is positively related to Heat Degree Days (HDD). In addition of this event, the difference in shoot length between Cremosina, Monteolivo and Generala was also due to soil temperature. We can speculate that the lower shoot length recorded in Monteolivo during all the measures is due to its loamy soil, while as Cremosina has less clay and more sand that warms up faster (Figure 4 ), resulting in a higher shoot length. Grapevine photosynthesis is affected by environmental factors, one of them is the relative humidity, which stomatal conductance. According to Stoev & Dobreva [12] , an optimal hydrometric is 60 to 70%. During the leaf gas exchange measures (June and July), Cremosina and Monteolivo vineyards had an average relative humidity around 70% and in the case of Generala it was around 60%. These values compared to the stomatal conductance and photosynthesis data recorded (Table 1) show a positive interaction, the increase in relative air humidity is reflected in the stomatal conductance. 
Influence of climate and soil on berry growth and ripening
During the growing season of 2017, the berries in the three vineyards followed the normal growth pattern, according to a double sigmoidal curve [8] . However, an extreme drop at the harvest occurred ( Figure 5 ) due to higher temperatures (>40°C) and lack of rain which caused the dehydration of the grapes. Among the different parameters (Figure 6 ), four of them showed differences between the three vineyards (TSS, berry mass, total anthocyanins and total phenols). Also Carlomagno et al. [13] demonstrated a role of the location on Barbera volatiles during ripening. In addition to climatic conditions, soil has a strong influence on grape composition during ripening, as being the main water resource for the plant, and soil moisture-holding capacity is related to the soil texture. The effect of water deficit correlates with the decrease in the size of berries and changes in the ratio between skin and berry weight, which in turn affects the concentration of phenolic compounds [15] . These principles explain the rapid concentration of total anthocyanins and phenols from the 233 DOY till harvest (Figures 6e and 6f) , period in which there was a combination of lack of rain and high average temperatures that reached 34.5°C (Generala) and 34.4°C (Cremosina and Monteolivo).
Grape quality and vine performance at harvest
There was no significant difference in almost all the parameters of vine performance and grape composition. Generala presented higher concentrations of total anthocyanins (1.90 mg/g) and total phenolics (2.55 mg/g) than Cremosina (1.55 mg/g and 2.39 mg/g) and Monteolivo (1.62 mg/g and 2.49 mg/g) ( Table 2) . However, the three vineyards presented better levels of berry anthocyanins in comparison to the general average levels recorded by Regione Piemonte during the last years across the region [14] . 
Conclusions
The effectiveness of the results achieved lies in the methodology applied on the same grape variety (vitis vinifera L cv. Barbera) and under the same cultural practices (except for the clone and rootstock). We believe that, under these conditions, the viticulture profiles reported represent a very good approach to vineyard potentialities. The three tested vineyards have the following viticulture profile:
Generala: sandy-clay-loamy soils, alkaline, medium levels of total nitrogen and organic matter, annual growing cycle of 167 days (31 March-14 September), with a seasonal rainfall of 359.2 mm and heat accumulation of 1998 GDD (growing degree days); it is listed under the region IV in the Winkler scale. Due to its climate and soil characteristics, it presents an excellent concentration of total anthocyanins (1.90 mg/g) and phenolics (2.55 mg/g).
Cremosina: sandy-loamy soil, alkaline, with poor levels of total nitrogen and organic matter, annual growing cycle of 159 days (2 April-8 September) with a seasonal rainfall of 331 mm and heat accumulation of 1835 GDD (growing degree days); it is listed under the region III in the Winkler scale. Due to its climate and soil characteristics, it presents good levels of total anthocyanins (1.55 mg/g) and total phenolics (2.39 mg/g).
Monteolivo: loamy soil, alkaline, with poor levels of total nitrogen and organic matter, annual growing cycle of 155 days (2 April-4 September) with a seasonal rainfall of 331 mm and heat accumulation of 1835 GDD (growing degree days); it is listed under the region III in the Winkler scale. Due to its climate and soil characteristics, it present good levels of total anthocyanins (1.62 mg/g) and total phenolics (2.49 mg/g).
The three terroirs studied and classified as Nizza DOCG present differences in the vegetative growth, vine performance and grape quality related to the variation in the main terroir environmental factors (soil properties and meteorological conditions). On the basis of the results, we can conclude that Generala terroir in comparison with Cremosina and Monteolivo, presented the best viticulture features regarding the vine performance and grape composition. However, the interaction of the three terroirs with the variety needs to be deepened by further research, as well as correlation with wines (chemical and sensory profile). This study is the first step for Bersano winery to characterize its three terroirs inside Nizza DOCG.
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